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A wind-tunnel investigation wa8 made at low speed t o  determine the 
la teral   control   character is t ics  of a 51.3O sweptback4ng model equipped 
with  either  plain  or  stepped  spoiler  ailerons  having a fTxed projection 
of Spercent-wing  chord.and  various  spans and -spsswiee  locations. The 

wing with a sfmulated fuselage, on the wing nlth a simulated fusela@ 
and e i ther  a 0.487-span outbomd drooped nose, a 0.487-epan inboard 
split f lap,  o r  a c*onibination of the two devices. 

. spoiler-aileron  configurations were tes ted on the  w i n g  alone, on the  

r 
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d The, resu l t s  of the  investigation  indicated  that apenwise rolling- 
effectiveness  charts of f lap type   a i le rons  can not be used to   p red ic t  
ths  effectiveness of spoile>type  ailerona on swept w i n g s . '  The 
effectivensss of the  spoiler  ai lerons generally increased w i t h  increase I I 

i n  aileron span and when the spanwise location of a constant-span I 

aileron w a s  moved inboard; however, the optimum aileron spanwise location 
' w a s  found to depend on both  the s p o i l e ~ i l e r o n  configuration and the 

wing configuration.  Plain  spoiler ailerons were found t o  produce the 
greatest   roll ing  efbctiveneaa a t  low angles of at tack and stepped 
spoiler  ailerons produced the  greatest  rolling  effectiveness at high 
angles of attack. 

i 

In general, the yawinginoment coefficients produced by various 
spoiler  ai lerons were found t o  be favorable over most of the angl-f- 
attack range and were increased when the spanwise location of a conetant- 
span plain or stepped spoiler aileron was. moved from inboard t o  outboard 

c or  when the aileron span was  increased. ' 

I 
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A cornpaxison  of the  la teral   control   character is t ics  of 0.6-semispan 

inboard spoiler  ailerons  having  0.0whord  projections and  two 0.167-chord 
conventional f lap type   a i le rons  having tots3  deflections of 15O indicated w 
that  the  spoile-ileron  characteristics were equal t o  or more favorable 
than  those of the  f laptype  a i lerona - particularly  at  high  values of 
lift coefficient. 

INTRODUCTION 

The necessity of providing  adequate laeeral  control on  high-peed 
a i r c ra f t  having sweptback wings has  presented a problem t o  airplane 
designers,  since  conventional-tm  ailerons  tend t o  lose effectiveness 
at high  subsonic and tramonic speeds. In   o rder   to  provide  solutions 
t o   t h i s  problem, the  National Advisory Connnittee f o r  Aeronautica is 
currently  inwetigating  the  applicabili ty of‘various other types of 
lateral-ontrol.  devices t o  wings having suitable p l m  forms -for 
tramonic and supersonic speeds. Among the  more promising types of 
lateral-control  devices  currently being investigated are spoile-type 
ailerons.  Previous  spoile>type”aileron  investigations made on unswept 
and swept wings (references 1 t o  8) indicate som of the beneficial 
effects  that   are  obtained  with  spoileptype  ailerons,  such as: increase 
in   ro l l i ng  moment with  increase i n  Mach number; increase i n  ro l l ing  
effectiveness  with  increase i n  lift-flap  deflection; generally 

. .favorable yawing moments; practicable use of full+pan  flaps with 
spoile-type ’ ailerons ; and mndler wing-twisting moments  than   f lap type  c 

ailerons and hence higher reversal speeds  with  spoiler  ailerons ( r e f e p  - .  
erne 9 ) .  In addition,  spoiler  ailerons  provib low stick  forces;  and, 
in  the  investigation of reference 5 ,  it was noted that no appreciable 
effects on the hinge-moment characterist ics were observed with changes 
in Mach number For the  SpoileFtype  aileron as contrasted t o  the increases 
i n  hinge-momsnt coefficient shown.or anticipated  for  the  conventional 
sealed  plain  aileron. 

b 

The .effects of span and spanwise location of spoiler  ailerons on 
th3  characterist ics o f a n  unswept- wing have been reported proviouely in 
reference 1; however, these  effects have not been thoroughly investigated 
on a swept wing. Accordingly, t h e   p s e n t   i n v e s t i g a t i o n  was undertaken 
t o  determine the  effect  .on the  lateral   control  chgracterist ics of vmying 
the span and spanwtse location of plain and stepped  spoiler  ailerons on 
a highly swept- wing. The present  in-wstigation was m d e  st law speed i n  
the Langlzy 300 MPH 7- by 10-foot tunnel. The chmacter is t ics   in   pi tch 
of a 51.3 sweptback“w1ng  model  were investigated  for several model 
configurations  in  conjunction  with various spans and spanwise locations 
of both  plain and stepped  spoiler  ailerons having a prodection of 
5 percent of the  local  wing chord. The aforementioned model configu- 
rations  are:  the  plain wing; the w i n g  with a simulated fuselage; and 
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the  wing with a simulated fuselage and either a n  outboard 0.487-spa.n 

f l a p  deflected 40°, or  a conibination of the two devices. In addition, 
the ef fec t  of simulated actuating arms located at two different 
positions w i t h  respect  to- the spoiler  ai leron on the rolling+nomnt and 
yawing+loment characterist ics of a 0.6r)-eemispan stepped  spoiler aileron 
was determined. 

a drooped nose deflected.30°, an inboard O.487-epan, 0.26-chord s p l i t  

SYMBOIS AND CORRECTIONS L 

d 

'Cm . 'pitchin-ment coefficient (M/qSF) 

The forces and moments measured on the nlng w e  presented about 
the wind axes. The X e i s  is in the plane of symmetry of the model and 
is  parallel t o  the tunnel air flow. The Z-axis is in the  plane of 
sgmmetry of the model and is  perpendicular t o  the X d s .  The Y-1s is 
perpendicular to both  the X 4 s  and zaxis. All tbree axes intersect  

- at a poin t  1.586 feet rearward of the leading edge of the wing root on 
the line of intersection of the plane of symmstry and the chord Plans 

30 percent of the wan aerodynamic chord. . 
Of the model, %E shorn in  figure 1. This position Correspond8 t o  

CL lift Loefffcient  (Lift/c&) 

. 'n 

D 

M 

cLm,x maximum lift coefficient . . ' 

.' 
8. 

cD drag  coefficient. (D/qS) 

yawing+m&nt coefficient (N/qSb ) 

c: rolling-momsnt coefficient (L/qSb ) 2 

drag of model, pounds , 

pitching moment of mode" about Y"axis ,  foot-pounds 

I 

I 

! 

L ro l l ing  moment due t o  spoile-ileron  projection  about X-axis, 

L. foot-pounds i 

f 00%-pounds 

m yawing moment. due t o  spoilercaileron  projection about -is, 

i 



span of m o d e l  (4.22 ft) 

span of spoiler  ai leron,  feet  

aspect  ratio of the wing, 3.11 (b2/S) 

wing me& aerodynamic chord (M.A.C. ), 1.424 feet 

local  w h g  chord ms’rnured along l ines   para l le l   to  X-is 
at a = oO, fee t  

la teral   d is tance from plane of eymmetry along Y-axis, f ee t  

lateral distance from plane of symmetry along Y e i s  t o  inboard 
end of aileron,  feet I 

la teral   d is tance from plane of eymmetri d o n g  y-axis t o  outboard 
end of aileron, feet- 

free”stream  velocity,  feet per second 

mags density of air, slugs per  cubic  foot 

angle of attack of wing with respect to chord plane of model, 
degrees 

total   a i leron  def lect ion,  resulting from equal up. and down- 
aileron deflections on both wing semispans, measured i n  a 
plane  perpendicular t o   a i h r o n  hinge axig, degrees 

The r o l l i n m m 5 n t  and yawinwoment  coefficients  represent  the 
‘aerodynamic- effects   that  ’ occur on the complete wing as a result of the 
projection of a spoiler aileron gn the   r ight  semispan wing. 

Jet-boundary  corrections have been applied t o  the angle of attack 
and drag  data  accordfng t o   t h e  methods of reference 10. Blockage 
corrections.have been applied t o  the  data by the methods  of reference 11. 

. 
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No corrections have been applied t o  the da t a . to  account for model 
support s t ru t   t a r e s  or for   the  small mount of wing twist produced  by 
the  projection of the spoiler ailerons. 

APPARATUS AND MODEL 

The aweptback"wing model was mounted horizontally i n  the Langley ' 
300 MPH 7- by IO-foot  tunnel on two struts which, i n  turn, were mounted 
on a six-component balance system i n  such a m e r  that a l l  the forces 
and moments acting on ths model could be measured ( f ig .  2). 

The laminated mahogany model was constructed  according t o  the plan- 
form dimsnsiona shown i n  figure 1. The model. was ewept back 51.3' at 
the  leading edge, had an aspect  ratio of 3.11 and a taper   ra t fo  of 0.50, 
and had neither t w i s t  nor  dihedral. The wing sections parallel t o   t h e  
piane of symmetry were NACA 651a12. 

The wing  model  was equipped with a drooped nose which had a span 
of 0.487b extending from 0.438- to 0.92s on each wing panel.  Details b 

2 2 
of the   0 .26~ split f l a p  are  shown in   f igure  1. The split f l a p  extended 
from the fuselage outward on each wing panel and had a semlspan of 0.487". 

b 
2 

A simulated fuselage, used during most of the  investigation t o  
prevent any disturbed flow over the right wing from affect ing  the flow 
over the l e f t  wing when the  spoiler ailerons were projected, was made 

' of 2 "inch plywood &cording t o  the dlmenaionS sham in f igme  I and 
4 

had rounded  edges. 
L 

One of the two confi@;urationa of spoi ler  ailerons  investigated 
consisted of s p o i l e r   s e w n t s ,  each  having a span of 0 . d  and a 

projection of 5 percent of the local wing chord, attached t o  the upper 
surface of the   r ight  wing in  a stepped  fashion with the span of each 
segmnt normal to the  plane of symmetry ( f igs .  2( a )  and 3)' .  The mid- 
point of each spoiler seeplent was on the 0.70~ l i ne   o f ' t he  wing, esd the 
span and spanwise location of the spoiler ailerons were varied  during 
the  investigation. This spoiler  configuration w i l l  be referred t o  herein 
as the stepped spoiler  aileron. The other  configuration  consisted of a 
ser ies  of continuoua-apas  spoiler  ailerons, each  having various  sp&s 
and spanwise locations,   at tached  to the upper surface of the right wlng 
alow the 0.70~ line ( f igs .  2(b) and 4). This spoiler  aileron,  herein 
called  the plain spoiler  aileron, had a projection bf 0.05~. B o t h  the 

' 2  

-mm!4BB 
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st’epped and plain  spoiler aileronrs were prefabricated of aluminum angle 
and were  mounted i n  such a manner that the front  face of.  the ailerons 
w w  normal t o   t h e  wing surface. 

The simulated  actuating amus tes ted in conjunction with a 
0.60- stepped spoiler aileron are shown i n  f i w e  5 .  The amna were 
constructed of t h in  sol id  tria&iLaL-shapd pieces of aluminum, each of 
which had a chord of 0 . 1 0 ~  and a maxw height of 0. Ogc , Each actuating 
arm w a s  mounted normal t o  the w i n g  surface on the outboard end of each 
spoiler”ai1eron segment as Shown i n  figure 5. 

b 
2 

All the t e s t s  of t h i s  investigation were performed in  the I m g l e y  
300 MPE 7- by lCLfoo-t~turYlel at a dynamic pressure of 25.2 pounda per 
square foot,  with a corresponding Mach nmber of 0.13 and a Reynolds 
number of 1 e 3 x lo6, based on a wing mean aerodynamic chord of 
1.424 fee t .  

Tests were conducted through a.ri angle-of-ttack range from -6’ t o  
the w i n g  staJ-1 for  the  following model configurations:  the  plain wing; 
w i n g  with the  simulated %elage; and the wing wlth the  simulated 
fuselage and either  the outboard drooped nose deflected 30°, the  
inboard split flap deflected 40°, o r  a codina t ion  of the two devices. 
Varioue spans a.nd spanwise location8 of both  plain and stepped  spoiler 
aileron8 were then investigated with each of these model configurations 
through  the same angle-of-attack range. In   addi t ion,   tes ts  were made 
on the w i n g  with the simulated fuselage wing  the  simulated  actuating 
arms at the two positions shown i n   f i gu re  5 i n  conJunction with 
a 0.6& stepped smiler   a i leron  located from 0.2& t o  0 . e .  

2 2 2 

RESULTS AND DISCUSSION 

Wing  Aerodynamic Characteristics - Spoiler  Ailerons  Retracted 

The lift,  drag, m d  p i t c h i w a n t  characterist ics of the wing- 
model configurations  without the spoiler ailerons are shown in   f igure 6. 

The data presented in   f igure 6 show that the configurations 
consisting of‘ the  plain wing and the wing w i t . h  a simulated fwelage had 
approximately the same l i f t -  characterist ics.  .Although defLection of the 

I 

Y 
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split flap  increased the lift coefficient 

7 
I 

i 

over most of the a- range, I 

it had little effect  on c Deflection of the drooped nose tended. 

t o  delay the wing stall t o  higher values of u, and thus, when the 
drooped nose was deflected i n  conjunction with the split f l a p  on the  
w i n g  with a simulated  fuselage, almost a constant  increment of CL was 

obtained  over  the  entfre  “f-ttack-range. 

Lmax’ 

The drag data show that at low values of lift coefficient  the drag 
coefficient was l a g e r   f o r   t h e  wing with the  hfgh-lift and stall-control 
dev-ices than  for   the plain wing, whereas at high values of CL the drag 
coefficient f o r  the plain wing wae larger.  In addition, the drooped 
nose was part icular ly   effect ive in  reducing  the drag coefficient at high 
values of lift coefficient . 

The pitching+mment data presented In figure 6 show tha t  at .low 
values of CL the  aerodynamic center is generally s l igh t ly  ahead of 
the O.3OF for all configurations, and that deflection of e i ther   the 
split f lap  or  the drooped nose woduced more negative  pitching mament~ 
than those of the  plain wlng but did not eliminate  the  .unstable stalling 
chazacterigtics of the wing. 

Wing ’ Aerodynamic Characteristics - Spoiler Ailerons Prcrjected 

The character is t ics  of the  wing equipped with the plain and stepped 
-spoiIe=ileron  configurations w e d  i n  this Investigation (figs. 3 t o  5 )  
are presented i n  figures 7 t o  27. 

Ih order t o  povide  spme €&ormation on the  characteri&ics of 
spoile-type ailerons when used as speed brakes o r  gllde-path controls 
on swept wings (as, f o r  example, -yas provided fo r  u m w e p t  wings (rvfe- 
erne 12)) the   e f fec ts  of the various spoi lemleron   conf igura t ions  on the 
t h e  w t n g  lift, drag, and pitcM-rrt characterist ics are shown fn 
figures 7 t o  26. The incremelrtd  effects of the vazious  spoile- 
aileron  configurations on the lift,, drag, and pitching-nt data of 
figures 7 t o  26 are those produced by spoiler  ailerons  projected on one 
semispan of a complete wing; however,  when‘used as speed  brakes o r  glide- 
path  controls, - spoiler ailerons would be projected  simultaneously on both 
semispans of a complete ving, thereby producing twice  the  incremental 
e f fec ts  sham on the figures herein. Ih general,  projection of e i ther  
the plain o r  stepped spoiler ailerons on any of the w5ng configurations 
tested  decreased  the lift coefficient at given angles of attack and 
increased the coefficient of drag. lhcreasing  the span or  mwing  the 
sparrwise location of e i ther  8 plain  or  stepped  spoiler  aileron  having a 
constant span from outboard t o  inboard produced success i~e ly  larger 
decreases in lift coefficient and increases   in  %. NO appreciable 
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change in pitching moment- w a s  produced by the  projection of any of the 
plain or stepped  spoiler  ailerons on any of the w i n g  configurations 
tested. 

Spoiler  ailerons on the plain wim and on the wiu with a simulated 
fuselam.- The effects  of s p a s  and spanwise location of both  plain and 
stepped spoiler  ailerons on the . la teral   control   character is t ics  of the 
51.3O m p t b a c k  wing alone and with a simulated  fuselage  are shown in 
figures 7 t o  9 and figures 10 t o  17, respectively. A comparison of- 
these data shows that the  simulated  fuselage had l i t t l e  or no effect  OR 
the rolling+noment and yawing+n&nt  characterist-ics of the wlng model, 
therefore the discussion of these  charact-erist ics  for the two model 
configurations has been combined in  the  present  section. 

Up t o  an angle of attack of approximat-ely 180, the v d u e s  of r o l l i n p  
mcanent coefficierrt produced by projection of the  stepped  spoiler  ailerons 
generally.incraased with increase i n  angle of attack, whereas the values 
of C2 f o r  the plain spoiler  ailerons  generally  decreased with increase 
in a over most  of the CL range. I n  general, at angles of attack 
bel? 120, projection of inboard plain spoiler  ailerons produced larger 
values of rollin@;-mcrment coefficients  than  inboard  stepped  spoiler 
ailerons, and. outbomd  plain  spoiler  ailerons of 0.6& and larger' 

produced larger values of Cz than  corresponding stepped spoiler 
ailerons; however, at ar@.es of attack of and above approximately 12' 
the  stepped  spoiler aiAerone usually had the largest  values of ro l l ing  
moment. These effects '  m e  somewhat different than  those  reported  in 
reference 2;, which showed that the rolling effectiveness of an outboard 
stepped  spoiler  aileron w a s  better  than that of an outboard plain  spoiler 
aileron over the  entire a range. In  general,  the r o l l i w m e n t  
coefficient waa increased as the spanwise location of a constant 

0.66 plain or  stepped spoiler aileron was moved from outboard to 
inboard or as the aileron span was increased. This effect  of a i leron 
span and spanwise location on the rolling moments agrees with similar 
results previously reported fn references 2 and 7. Over most of the 
angle-of-attack rang&, the  plain  spoiler  ai leron  located from 0 . G  b 2 
t o  0 . c  and the stepped  spoiler  aileron  located from 0.1- to- 0.7- b b 

produced the highest ro l l ing  moments of any 0 .& plain dnd stepped  spoiler 

ailerons,  respectively,  Fwedigated. 

2 

b 
2 

b 
2 2 2 .  

2 '  

In order t o  determine whether spanwise roll ingdffectiveness  charts 
of f lap type   a i le rons  on swept wings could also be used f o r  spoile-type 
controls - as was found for unswept wings i n  reference 1 - t h e  data in  

- 1  

. 

I 



'NACA RM LgKW 9 
P 

figures 15, 16, and 17 were  compared with  the h t a  of references 3 and 13. 

ailerons had more effect on the wing ro l l ing  moments than the span and 
spanwise location of flapkype  ailerons,  and tha t   the  geometry of 
apoiler4ype ailerons also affects  the wing ro l l ing  moments. In addition, 
i n  references 3 and 1 3  it was shown that the r o l l i n g  effectiveness of a 
partial+pan f l a e y p e   a i l e r o n   l o c a t e d  mer any portion of the wing 
span could be accurately  predicted f r o m  spanwise rolling-effectiveness 
charts  since  the  effectiveness of pmt id+3panf lap type   a i le rons  W ~ E I  

effectiveness of partialrrpan  spoiler4yp  ailerons  are  not  additive,  
inasmuch as inboazd a;nd outboard spoiler  ailerons have sparrwise 

and all the   resu l t s  shown i n  figure 17 cannot be predicted f r o m  the 
charts shown in  f igures  15 and 16. Therefore,  design  charts f o r  f l a p  
type  ailerons, such as given in reference 13, i n  general, should not be 
used f o r  spOiler-;typ  ailerons on swept wings. 

+ This-comparison shows that ths  span and apanwise location of spoile&ype 

~ additive. The data presented here-, however, show that the  rol l ing 

, effectiveness  chwacterist ics that cannot  be coniblned into one curve 

' 'The spoile-ileron  configurations  tested on the wing alone and 

coefficients  (having  the same sign as the  values of Cz) a t  angles of 
attack below approxFmately 16O - the plain  spoiler  ai lerons u s u a l l y  
producing s l igh t ly  more favorable yawing moments than  the  stepped 

' spoiler  ailerons. In general, Cn became less favorable  with increase 
in a, and i n  most 'instances,  the yawing moments  became  more favorable 
when the  aileron span was increased  or  the spanwise location of a 
constantepan  spoiler  aileron w a s  moved from inboard t o  outboara for 
both  the  plain  and'steppd  aileron  configurations. 

' ' the wing w i t h  a simulated fuselage usually had favorable yawing-aLamsnt 

- 

Effect of stal l -control  and hip;h"lift  devices on spoilez-aileron+ 
control  characteristics.- Because of the  diff icul t ies   exhibi ted by 
s w e p t d g  airplanes in obtaining  sufficient  high lift for specific 
m e u v e r s ,  high-lift flaps and stall+ontrol  devlces will probably be 
utilized  during  landing and take-off, and the  la teral   control  charac- 
t e r i s t i c s  of  mept4ng airpl-es in  this   condi t ion are important, 
particulasly at large angles .of attack. The lateral   control  charm- 
t e r i s t i c s  produced by various plain and stepped spoiler ailerons on the  
Bwept-wing model with a simulated fuselage. and e i ther  a deflected 
drooped. nose, a deflected split f lap,  o r  a conibination of drooped  nose 
and s p l i t   f l a p   m e  shown in  figuree 18 t o  20, 21 t o  23, and 24 t o  26, 
respectively. 

, L  
A conparison of the data of figures 18 t o  26 with the data of 

f igyres 10 t o  17 shows that f o r  the w i n g  configurations  in which the 
s t a l l - con t ro l  and/or high-lift devices were used in conjunction  with 
the  spoiler  ai leron,  the  trends in  the rolling+noment  data,  especially 
at high angles of attack, were generally similar t o  those  noted  for  the 

I 

I 

I 

I 

I 

I 

I 
I 

! 
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other  configmations  teated. In general, up t o  angles of attack of 140 
plain spoiler  ailerons were mor6 effective  than  corresponding stepped 
spoiler  ai lerons at all spanwise locations; and for   a i lerons of O.&, b 

2 

the p la in  spoiler  aileron  located from 0.23 t o  0. e usually gave the 
highest va;lues of C2.  However, at angles of' attack above lkO,  stepped 
spoiler  ai lerons were generally more effective  than  plain.spoiler 
ailerons; a,nd for   a i lerons of O.&, b the inboard  stepped  spoiler  ailerons 

produced the highest values of Cz. liz. the moderate  angle+f*ttack 
range and at high angles of attack, the ro l l ing  moments produced  by 
aileron  proJection generally increased as a constantrrpan  plain  or 
stepped spoiler aileron was moved inboard; however, at low and moderate 
values of a f o r  the droopeddose split-flap wing configuration, an 
opposite  effect wa8 noted (figs. 18 t o  2 6 ) .  In general,  deflection of 
the drooped nom  caused a slight -decrease i n  Cz of' both  plain and 
stepped  spoiler adlerons as compared with the  values of C2 obtained on 

2 

I 

the w i n g  wfthout h i&l i f t  . a n d  s t a l l ~ o n t r o l  devices;  deflection of the 
s p l i t  f l ap  decreased C2 of the stepped  spoiler  aileron,  but had no 
consistent  effect on Cz of the p la in  spoiler aileron; and deflection 
of both the drooped' nose and split flap  increased C2 of all outboard 
spoiler  ai lerons at low eagles of attack and Sncreased C z  of all 
ailerons at high angles of attack. ~ (Compare f igs .  18 t o  26 with 
f igs .  10 t o  17. ) 

The yawing m n t s  produced .on the wing with the high-lifi and stall- 
control  devices were also aimilap i n  t r e n d   t o  the yawing moments of the 
other  conf'igurationa  tested. (Compare fiw. 18 t o  26 wi th  figs. 10 
to 17.) The wing configurations on which the drooped nose was deflected 
usually had slightly more favorable yawing moments Over a greater angle- 
of-attack range than any other  configmatiow tested, and these yawing 
moments were particularly more favorable at high angles of attack. 
Deflection of t he   sp l i t  f lap alone had an inconsistent  effect on the 
values .of , C,. 

Effect of actuating atma on charetcteristics of a st-epped spoiler 
aileron.- The effects  of simulated  actuating arma located normal t o  the 
0.70 chord line or n o m   t o  the f&e of a 0.60- stepped  spofler  aileron 

located f r o m  0.2& t o  0 . e  ( f ig .  5 )  on the lateral control  characte- 

i s t i c s  of the wing with simulated  fuselage a m  shown i n  figure 27. The 
data show that simulated  actuating arm had no appreciable  effect on 
the afleron  effectiveness at high angles of attack, but tha t  the 

b 
2 

2 2 - 
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actuating arms normal to  the  ailerons  increased  the  aileron  effectiveness 
at low angles of attack. All of the  configuratfons f o r  which data are 
shown. in figure 27 had almost the same yawin@nomnt characterist ics.  I 

I 

Comparison of Spoile- S F l a p T y p  Ailerons 

A comparison of the  laterel+Ontrol  chaxacteristics of t h e   s p o i l e F  
type  ailerons  reported  herein and of the  0 .167~ flaptype ailerons of 
reference 3 on a 31.3' sweptback wing i a  sham in figure 28. Although , 

the simulated fuselage and the wing aspect r a t i o  of  the  present 
investigation and that  reported  in  reference 3 differed  s l ight ly  
( A  = 3.11 i n  presen5 investigation and 3.43 i n  investigation of refex- ' 

em8 3), the geometric differences m e  euch 88- t o  favor the f l a p t y p s  
a i l e ron   i n  t h i s  comparison. A plain spoi ler  aileron located from 
o.& t o  o.& and a stepped sp i l e r   a i l e ron   l oca t ed  from 0.1a t o  0.7h 

2 2 2 2 
were the  optimum 0. $ plain esd stepped  spoiler  ailerons,  respectively, 

for the  present  investigation. The 0.51- f l a p t y p e  aileron extending 

f r o m  0.3& to'0.81. waa the optimum p8rtIal"epan aileron  (of about O.$ 

or less) f o r  the  investigation .of reference 3, and the 0.4& f l a p t y p e  

aileron extending f r o m  0.59-to 0.99- wa8 the  more practicable  aileron 
(from considerations of span and spanwise location) of reference 3. 
The l a te ra l   cont ro l   charec te r i s t ics  of these  aileron  configurations m e  
compared in   f igure  28 by utilizing  spoiler-aileron  progections of 0.0%. 
and t o t a l  deflections of the   f lap type   a i le rons  of 15O.' 

b 

b 
. 2  

2 .  

2 
b b 
2 2 

The data   in   f igure 28 show tha t  the plain spoi ler  aileron had 
approximately the same rolling effectiveness  throughout  the 8ngl-f- 
attack range as the 0.51- f laptype  a i leron,   but  had more ro l l ing  

effectiveness than the 0.4& flaptype aileron. In addition, at low 
angles of attack,  the  stepped spoi ler  aileron had about the  same. r o l u n g  
effectiveness as 'that of the' 0 . d  f1ap;typ aileron and s l igh t ly  less 

2 

than  the 0.5l.h flaptype aileron; however, at high angles of attack, 

projection of the stepped spoiler aileron gave values of ro l l ing  moment 
considerably higher than e i ther  of the  f laptype  a i lerons or the  plain 
spoiler  aileron. The yawi-nt coefficients produced  by e i ther  of 
the spoiler ailerons'  were  more favorable than those of the flap;ty-pe 

b 
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2 

2 
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ailerons,  except at very high 

. .  
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I 

angles of attack,  for which the yawing 
moments of the  stepped  spoiler  aileron were more unfavorable  than  those 
of any of the  other  aileron  .configurations. 

The  comps;t.ison discussed i n   t h e  preceding  paragraph is  based on 
low-apeed data Etnd neglects any discussion of aileron  hinge moments or 
the   effects  of compressibility on any of the aileron characterist ics.  
However, the data of wferemes. 5 ,  6, and 8 show the  increase  in 
effectiveness  with  increase i n  Mach n m b r  u p - t o  high  subeonic  speeds 
obtained  with spoiler ailerons as contrasted t o  opposite  -effects 
obtained  with  flaptype.ailerons, and the  data  of-reference 5 a lso  show 
the  generally more beneficial   effects- on spoiler-aileron  hinge  mmnts 

number. 
' than on f l ap type   a i l e ron  hinge moments of increases i n   t h e  Mach 

A wind"tUTme1 investigation was made at--low  speed t o  determine the . 
la teral   control   character is t ics  of a 5l.3O 8weptback"wing model equipped 
with  either  plain or stepped  -oiler  ailerons havtng a fixed  prolection 
of 5percent"wing ch0r.d and various apans and spaswise locations. The 
spoiler-aileron  configurations were teated on the wing alone, on the  
wing wlth a simulated  fuselage, on the w i n g  with a simulated fuselage 
and e i ther  an 0.487 span outboard drooped nose, an 0.487 span  inboard 
sp l i t   f l ap ,  or a combination of the  two devices. The resu l t s  of the  
investigation  led  to  the  following  conclusions: 

1. The rolling  effeptiveneas .of both  plain and stepped  spoiler 
ailerons  generally  increased when the  aileron  span was increased and 
when the spanwisq location of a constant-span  spoiler  aileron w a s  moved - 

inboard,  except at law and moderate ang les  'of at tack  for  the  spli t-flap 
drooped+ose wing configuration, for which an opposite  effect of  spenwiae 
location was noted. The  optimum aileron spanwise location w a s  found t o  
dopeud .on both  the  spoiler-aileron  conPiguration and the wing 
configuration. 

2. Spanwise rolling-effectiveness  charts of f lap type   a i le rons  
cannot b3 used t o   p d i c t   t h e  effectiveness of spoiler-type  .ailerons on 
swept  wings. 

ailerons  shared  that the plain  spoiler  ai lerons were generally found t o  
produce h.igher values of rolling-moment coefficient- below angles of 
attack of approximately 12O, and stepped  spoiler  ailerolur .were found t o  
produce higher values of rolling+noment  coefficient at.--angles of attack 
above approximately 12'. 

3. A ccanparisop of tho  effectiveness of plain and s t e p p d  spoiler 

I 

" I  
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4. Addition of the fuselage  to  the plain-wing  configuration had 
l i t t l e  effect  on the ro l l ing  moments produced by the various  aileron 
c onfigurat  ions. 

13 

5. Deflection of e i ther   the  drooped nose or  the s p l i t   f l a p  
separately usually had a a l i g h t  deleterious  effect  on the spoiler"ai1eron 
rolling  effectiveness.  Deflection of both the drooped nose. and the 
s p l i t   f l a p  increased the roll ing  effectiveness of b&h plain and. 
stepped  spoiler  ailerons at nigh angles of attack. 

6. . I n  general, the yawing+mmrrt coefficients produced by the 
vazioua spoiler  ailerons were found t o  be favorable  over most of the 
angle-of"alttack range, and were Increased when the spanwise location 
of a constant"spe;n plain or stepped  epofler'  aileron was moved from 
inboard t o  outboard  or when the aileron span w a s  increased. 

7. The lateral control  characterist ics of O.&emispan inboard 
spoiler-type  ailerons  having  O.Owhord  projections were equal t o   o r  
more favorable than those of two 0.167-chord conqentional flaptype 
ailerons having total   def lect ions of 150 previously  investigated - 
paz-ticularly at high values o f  lift c m f f   i c  ient . 
Langley Aeronautical  Laboratory 

Nation& AdviEOry Committee f o r  Aeronautics 
Langley Air Force Base, Va. 
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. I  

Sec t ion A - A  

Dt-a~pd y l ~ s e  deflected 30” 

Sec +ion 6 - 0 

“ 
S e e  f i a  n C-C 

Figure 1.- Sketch of  the .51.3O sweptback wtng model showing the deta i l s  
of the simulated f’uselqe, drooped nose,&d sp l i t   f l ap .  S = 5.73 square 
feet; A = 3.11; taper   ra t io  = 0.50, (All d-nsions are i n  feet,  except 
as noted.) 

I 



(a) w i n g  model with simulated b e l a g e  and one of the stepped-spoUer-aileron 
configurations  tested. 

Figure 2.- The 51.3’ sweptback wing mounted i n  the Lmgley 300 MPJ3 7- by lo-foot  tunnel. - 

I 





(b) W i n g  model with one of t h e  plain-spoiler-aileron configurations t e a t e d .  

F~RIUX 2.- concludes. 
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Section A -A 

.Figure 3. - Sketch of the 5l.3O sweptback wlng showing a typical  stepped- 
spoiler-aileron  configuration  te6te.d. (Al l  dimensions are  i n  feet ,  
except 8s noted. ) 
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. 

Figure 4.- Sketch o f  the 5l.3O sweptback wing showing a typical  plain- 
spoiler-aileron  configuration tested. (AU dimensions a r e   i n  feet, 
except as noted. ) 
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Acfuafinq a r m  7 Spoiler aileron 

S e f i o n  A-A 

Figure 5.- Sketch of the 51.3' sweptback wing showing the stepped-spoiler- 
aileron  configuration  investigated with actuating a m .  Aileron span, 
bs 

. .  

= 0.60. ( ~ l l  ahensions are in feet,  except as noted.) 
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Lif f coeffic/mt, GL 
Figure 6.- Aerodynamic characterist ics of the basic wing configurations 

tested. 
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-4 rZ 0 2 4 .6 .8 1.0 12 
Liff coef fk ienf ,  GL 

Figure 7.- Effect of span and spanwise l o c a t i o n  of pla in  spoiler ailerons 
on the aerodynamic characterist ics of the 31.3' sweptback wlng. 
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F i v e  7.- Concluded. 



t 

mACA RM LgKW 

x 

I 

27 

2 :Z 0 .2 4 .. .6 .6 10 l.2 
Liff  coefficienS, CL 

Figure 8.- Effect of span and spanwise location of stepped 
ailerons on the aerodynamic characterist ics of the 51.3O 
Wj-ng. 
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Figure 8. - Concluded. 
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Figure 9.- Variation of rolling-moment coefficient w i t h  spaxiwise 
location of a constant-span plafn and stepped . .  spoi ler  aileron on 
the 51.3O sweptback w i n g .  Aileron span b~ bS = 0.60. 
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Figure 10.- E f f e c t  of span of inboard plain spoiler ailerons on the 
aerodynamic characteristics of the 51.3O sweptback wing with a 
simulated fuselage. 
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Figure 10. - Concluded. 
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Figure ll.- Effect of span of outboard plain Bpoiler ailerons on the 
aerodynamic characterist ics of  the 51.3O sweptback wing with a 
simulated  fuselage. 
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Figure ll. - Concluded. 
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Lif f coefficien f, GL 

lgure 12.- E f fec to f  span o f  inboard stepped spoiler ailerons on the 
aerodynamic characteristics o f  the 51.3O sweptback w i n g  with a 
simulated fuselage. 
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Figure 12.- Concluded. 
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. w e  13.- Effect of span of outboard  stepped  spoiler  ailerons 
aeroaynamic characteristics of  the 31.3O eweptback Wing with 

. simulated  fuselage. 
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Figure 13.- Concluded. 
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Figure 14.- Effect of spenwise location of stepped  Bpoiler  ailerons 
the aerodynamic characterist ics of the 51.30 sweptback w i n g  with 
simulated f'uselage. AFleron span, $ = 0.60. 
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a= -4 a;=o a =4 
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a = 8  a =I2 ~ = / 6  

Figure 15.- Variation of rolling-moment coefficient with span and spen- 
wise location of  8 plain  spoiler aileron on the 51.3O sweptback wing 
with e simulated  fuselage. 
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Figure 16. - Variation of rolling-moment coef'ficient with span and span- 
wise location of a stepped  spoiler  aileron on the 51.3' sweptback 
wing w i t h  a simulated fueelage. 
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z=w ' 

0 .2 4 -6 
a=i2 

0 .2 4 .6 
a =16 

. 

Figure  l7.-,Variation of rolling-moment  coefficient  with spanwise - 
location of a constant-span plain and stepped  spoiler  aileron 
on the 51.3O sweptback w i n g  with a simulated fuselage. Aileron 

'L 

U B  span, - - 
b/2 

- 0.60. 



NACA RM LgKW 

c 

Figure 
the 
SFrm 

43 

! 

i 

I 

. -4 2 O .2 4 .6 .6 LO 1.2 u 

L i f f  coeffic/enf, CL 

18.- Effect of  spanwise. location  of  plain spoiler a i le rc  
aerodynamic characteristics of the 51.3O sweptback wing 

l l a ted  fuselage. Drooped nose deflected 300. 
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F i g w e  18. - Concluded. 
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Figure 19. - Effect of spanwise location of stepped spoiler  ai lerons on the 
aerodynamic characterist ics of the 51.3O sweptback wing with a simulated 
fuselage. Drooped nose deflected 30". 
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Figure 19. - Concluded. 
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Figure X). - Variation of rolling-moment coefficient with spanwise location 
of a constant-span  plain and atepped spoiler aileron on the 51.30 swept- 
back wing w-ith a simulated fuselage. hooped no8e deflected 30°. 
Aileron span, bs = 0.60. 
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Figure 21.- Effect of span and spaswise locatfon of plain spoiler 
ailerons on the aerodynamic characteristics of the 5 1 . 3 O  swept- 
back w i n g  w i t h  a simulated fuselage. Split   f lap  deflected bo. 
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back 
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22.- E f f e c t  of span and spanwiee location of  stepped spoiler 
Irons on the aerodynamic  characteristics o f t h e  5l.3O swept- 
: w i n g  with a simulated  fuselage. Split flap  deflected 40°. 
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Figure 22. - Concluded. I 
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Figure 23.- Variation of rolling-moment coefficient w i t h  spanwiee location 
of  a constant-span  plain and stepped spoiler aileron on the 5l.3O swept- 
back wing with a simulated fuselage. Split f lm deflected 40°. Aileron 

b 7  
bB = 0.60. 
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Yect of span and spanwise location of plain ~p o i l e r  ailerons - 
. on the aerodynamic chEtracteri&ics of '  the 51.30 sweptback wing with a 

sinrulated fuselage. Drooped nose deflected 300; Bplit flap deflected - I 
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Figure 24.- Concluded. 
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Figure 25. - Effect of span and spanwise locgtion of stepped  spoiler 
ailerons on the aerodynamic characterist ics of the 5l.3O aweptback 
w i n g  with a s m a t e d  fuselage. Drooped  no8e deflected 30°; split 
flap  deflected bo. 
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Figure 25. - Concluded. 
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Figure 26.- Variation of rolling-mament coefficient with spanwise location . of a constant-span  plain and stepped  spoiler  aileron on the 51.3' wing 
with a simulated  fuselage. Drooped n08e deflected 300; s p l i t  flap 
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Figure 27.- Effect- of two "pes of simulated  actuating arms fo r  stepped 
spoiler  ailerons on the rolling-moment and yawing-moment character- 
i s t i c s  of the 51.3O sweptbackwing w i t h  & simulated f'uselage. 

Aileron span, $ = 0.60; 3 = 0.20; = 0.80. 
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Figure- 28.- Comparison of lateral-control characteristics of apoiler- 
type and conventional flap-type ailerons on a 5l.3O swqptback wing 
with a simulated Azselage. ~ . 
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